This age dependence differed markedly from those of cerebral blood flow and cerebral permeabilities of urea, glucose, valine, leucine, and DMO (5,5dimethyloxazoli-dine-2,4-dione).
Fat-feeding more than doubled cerebral PHB permeability without significantly affecting cerebral blood flow or the permeabilities of urea, glucose, and DMO. Temperature dependence of PHB permeability was similar to that of glucose transport.
The age and diet dependence of PHB were not accounted for in terms of body temperature, capillary surface, capillary porosity, or plasma proton concentration. A modulable PHB carrier seemed indicated. Utilization of PHB by the brain was significantly governed by permeability, hence the increased permeability in ketotic states should contribute to glucose sparing and eventually to protein sparing.
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THE BRAIN OF THE INTACT
RAT obtains substantialportions of its energy from oxidation of PHB and acetoacetate under any circumstance where these fuels are sufficiently abundant in the blood. These circumstances include suckling (8, 12), starvation (8, 12, 23), diabetes (23), and ket one body infusion (8, 12, 23). Similar observations have been made with humans (5, 11, 18, 21) and other animals (26). The enzymes of ketone body catabolism increase gradually during suckling then decline gradually after weaning (10, (12) (13) (14) 19) . This picture suggests substrate induction (14, 25); however, these enzymes have been reported not to rise significantly during adult ketotic states (12, 14, 25, 27) . It has been proposed that transport of PHB from capillary to brain parenchyma (across the blood-brain barrier) is the principal rate-limiting step in PHB utilization (2, 4, 8, 23, 25), yet little effort has been devoted to PHB transport in brain. We have investigated this process by methods that proved successful in characterizing cerebral glucose transport in rats and mice (3, 6, 15, 16).
METHODS
Sprague-Dawley rats (pregnant females and males of various ages) were obtained from Harlan Industries and fed Purina laboratory chow. Procedures were generally as described earlier (6). Pups at various ages and older animals were injected in the subcutaneous space of the back with small volumes (lo-40 ~1, depending on animal size) of n-[3-14C]P-hydroxybutyrate (30 &i/ml, 32 Ci/mol; New England Nuclear) or L-[3-14C]P-hydroxybutyrate (30 pCi/ml, 4 Ci/mol; prepared as described below). These were usually accompanied by a tritiated compound at 5 times higher radioactivity: . (4 Ci/mmol, New England Nuclear). At various times after injection, the head was immersed in at -150°C for lo-15 s and then cut off, dropping into liquid N,. (Heads of furry animals were shaved at least 1. h prior to the experiment).
Blood was sampled from the neck stump. Perchloric acid extracts of serum and cerebral cortex were prepared and neutralized as described earlier (6). These were assayed for 14C and/or 3H by liquid scintillation spectrometry and for D-PHB enzymically (28) in an Aminco fluorimeter. In another series of experiments, animals received a subcutaneous dose of [14C]urea (6 Ci/mol, New England Nuclear) or DMO ([2,4-dione-2-14C]5,5-dimethyloxazolidine 9 Ci/mol, New England Nuclear) and then at various times later received an intraperitoneal dose of 3H,0 (New England Nuclear) and were sacrificed 40 s after the latter injection by decapitation (the head falling into liquid N,). The body was immediately turned erect and the skin about the neck pulled up to form a cup into which blood pooled. A heparinized, glass l-ml syringe with an 18-gauge needle was used to collect 0.2-0.5 ml blood from the bottom of this pool as it flowed in from below. This sample -a mixture of arterial and venous blood essentially unexposed to air-was used for the pH determination.
After removal of this sample, another portion of blood was collected for analyses of 3H and 14C as described above. In this series, decapitation preceded head freezing because a) no metabolizable substances were measured, hence there was no need to stop brain metabolism quickly, b) sharp time discrimination was needed for the 40-s 3H,0 data, and c) a period of asphyxia prior to blood sampling would alter blood pH. At 15-min intervals, lo-p1 samples were transferred to 3 ml water in an optical cuvette, and absorbancy was read at 340 rnp in a Gilford spectrophotometer.
When the reaction was complete (about 1 h), th e mixture was acidified by addition of 500 ,ul of 1 M HCl and passed through a 0.9 cm x 10 cm Dowex 5OWX8 column equilibrated and eluted with 0.01 M HCl. Figure  1 shows the time course of serum 14C concentration and the brain:serum 14C ratio in Z-dayold, 15-day-old, and adult injected with L-[~~C]~HB (the abnormal isomer). At all ages, the serum 14C rose to a maximum within lo-15 min, indicating a rather consistent absorption from the subcutaneous injection site. The subsequent decline was very slow in sucklings (also in 4-day-old and 8-day-old rats) and rather slow in adults (cf. Fig. Z) , indicating slow metabolism and/or excretion. Based on the area of the serum 'curve, clearance by metabolism and excretion (6) was roughly 8 ml/ minkg in Z-day-old animals, 5 ml/minkg in 15-day-old animals and 12 ml/minkg in 300-g animals. ' The clearance of glucose in newborns (16) was about 19 ml/ minkg, and clearances of D-PHB label (next section) were also about twice those of L-PHB. Since the serum time courses at the three ages were similar in shape, we may estimate the age dependency of brain permeability simply by inspection of the early brain:serum ratios.
These clearly rose about 3 times faster in l&day-old rats than in Z-day-old or 380-g rats (the latter two being similar), indicating approximately a 3 times faster influx coefficient.
The lines drawn through the brain:serum ratios are based on the assumptions that the radioactivity in serum was one compound (L-PHB) and that the brain parenchyma (all extravascular spaces) behaved as a single compartment with respect to L-PHB distribution.
The slow L-PHB clearance and poor L-PHB metabolism by brain mitochondria (10) and muscle (7) provide some basis for these assumptions.
The data show no systematic deviations from the lines, hence, no evidence for membranes beyond the blood-brain barrier (capillary membrane) impeding L-PHB distribution in the brain parenchyma and no evidence for slow-turnover metabolite pools in the brain. Thus an influx coefficent (k,) and fractional efflux coefficient (k ,i/W,i) attributable to the blood-brain barrier suffice to describe the data. These reflect the threefold higher permeability in l&day brains (as compared to Z-day-old and adult) suggested by inspection of the data.
The ratio of influx coefficient to fractional efflux coefficient,' WsiksJksi, was about 0.30 ml/g in Z-day-old rats, l Sera from several [14C]PHB-injected adult rats were subjected to anion-exchange chromatography -0.9 cm x 16 cm Dowex 1 formate, eluted with an upward-curving gradient of O-1.5 M formic acid (150 ml), followed by a linear gradient of 1.5 M formic acid to 6 M ammonium formate, pH 2.7 (120 ml). The polyanionic contaminant probably does not enter the brain and causes about 10% underestimation of L-PHB influx and equilibrium brain:serum ratio. The non-anionic metabolites would likely have an opposite effect on the apparent L-PHB equilibrium, on the assumption that glucose is a significant component (6). Thus the equilibrium ratios, though tentative, may not be seriously in error. We present and discuss these ratios because they undergo interesting modulations which are directly related to the much better defined influx coefficients, and because it is doubtful that more accurate data will be forthcoming in the foreseeable future. Fat-feeding not only slowed by 70% the fall in L-[14C]PHB/total 14C but also slowed by 50% the decline in total serum 14C so that 14C clearance was only 6 ml/minkg in fat-fed adults (cf. Fig.' lC>. The shapes of the serum-14C timecourse curves did not differ enough with age to influence the brain:serum ratios significantly at these early times. Thus the brain:serum 14C ratios in Fig. 3 , A and B, may be taken as measures of permeability.
A glance at Fig. 3, A and B, will show that the entry of L-PHB and that of D-PHB are subject to the same modulating influences and are, therefore, likely to occur by the same mechanism.
Since this is the case, the poorly metabolized L-PHB is probably the more reliable isomer for transport studies. From either figure, we see that PHB permeation of the brain was slow at birth, increased steadily from the 1st or 2nd day until weaning, declined rapidly during the 2 or 3 wk after weaning, and then declined slowly for as many weeks as it was followed. Both the rise and the fall were about sevenfold (permeation of the blood-brain barrier is the brain:serum ratio in excess of the mannitol space). The physiological appropriateness of this age dependence should be emphasized.
During suckling, ketone bodies are abundant (8, 12, 13, 19); they provide a major fraction of brain fuel (8) at a time when cerebral energy requirements increase about fourfold (16). After weaning, ketone bodies are rarely elevated enough to fuel the brain significantly, and glucose becomes the dominant and to some degree essential fuel. Thus high PHB permeability is valuable throughout suckling but only intermittently so after weaning. The extent of the modulation, especially the rapid fall during the 2 or 3 wk following weaning, is most readily explained in terms of a carrier, the abundance of which can be adjusted. The sudden switch, from rising permeability before weaning to falling permeability after weaning, suggests substrate induction, inasmuch as serum PHB falls to adult levels within a day or so of weaning (12, 13, 19). Effects of high-fat diet on ketone bodypermeability. In relation to the question of inducibility, it was of interest to determine whether a ketogenic diet would prevent the fall in ketone body permeability after weaning and/ or increase permeability in older animals. Table 1 for high-fat diet.
suggests that permeability depends not on the blood chemistry of the moment but on its recent history, i.e., that ketone body permeability is adaptive.
Further evidence of this is presented in Table 1 . The first two lines (la and 1 b) of this table simply show that fat feeding increased L-PHB permeability (P < 0.005) in large animals to about the same degree as it did D-PHB permeability (P < 0.005). Glucose permeability was also increased (P < 0.005), but to a much lesser degree. On the assumption of a glucose transport K, of 7 mM (3, 6, 16), only 15% of this increase could be accounted for in terms of reduced competition with endogenous glucose. Lines 2b and 3b compared, respectively, to 2a and 3a show the rapid decline in cerebral PHB permeability (but not glucose permeability) during the period of rapid growth shortly after weaning (P < 0.005 for each isomer). Lines 2c and 3c compared, respectively, to 2b and 3b show that a high-carbohydrate diet exaggerated the fall slightly (P < 0.01 for D-pHB; P < 0.15 for L-PHB). Lines 2d and 3d compared, respectively, to 2b and 3b show that a high-fat diet retarded the fall in D-PHB permeability slightly (P < 0.005) and even increased L-PHB permeability above the initial value in Lines 2a and 3a (P < 0.005). It appears in this case that L-PHB permeability was more influenced by the high-fat diet than was D-PHB permeabilitybut it should be noted that the two isomers were tested in different animals. Moreover, metabolic events during absorption of the D-[~~C]PHB and prior to entry into the brain may influence its apparent permeability.
As already indicated, L-
[14C]PHB is th e more reliable transport probe. Line 3e compared to 3d and 3b shows that fat-fed animals allowed access to sodium acetate in addition to water responded as other fat-fed animals; this suggests that acidosis may not have been responsible for the increased permeability (see also Fig. 8 ). Line 3f compared to 3d and 3b shows that complete abolition of the hyperketonemia (by a high-carbohydrate diet during the 24 h prior to testing) did not alter the effects of 6 days' fat-feeding. This again suggests that the high-fat diet promoted PHB transport by some means other than by providing These animals were provided with both water and 10% sucrose solution. The high-fat diet contained 65 parts corn oil in place of the sucrose and enough Alphacel to produce a doughy consistency. These animals had access also to cured bacon. One group had access to both water and 10% sodium acetate as indicated. Controls received Purina laboratory chow ad libitum. Since all the diets were calorie and protein rich, the poor growth on artificial diets must be attributed to poor acceptance. However, they were taken sufficiently to maintain weight and influence blood chemistry as expected. t Where appropriate, data from groups 2 and 3 were combined for the Student t tests (P values presented in text).
a higher proton concentration in the blood (thereby The interesting point gained from these time courses is that fatfeeding did not enhance efYlux in either case, hence the equilibrium parenchyma:serum ratio, W,ik,/k,i, was increased by fat-feeding? This is the result expected if fat-feeding promoted influx simply by lowering blood pH, thereby increasing the fraction of PHB in the protonated (presumably more permeable) form -autoregulation of blood flow would defend the brain against a fall in pH during acidosis, and efflux would not be enhanced by this mechanism.
If a fall in blood pH was responsible for the enhanced PHB permeability, however, the abolition of ketosis (Table 1 , Line 3f) should have reduced permeability immediately. There seems to be a paradox. In this connection it should be noticed that the equilibrium space also rose during suckling, suggesting that low serum pH may be partly responsible for the high permeability during suckling. Studies of serum and brain pH will be presented in Fig. 8 . Brain pHB content. Enzymic assays of PHB were carried out on extracts of sera and some brains, and the results are presented in Fig. 5 . The serum concentrations are essentially as expected from other reports (and the data of Fig. 4 Table 2 (see footnote 1). In both fat-fed groups and in the l&day sucklings, the brain:serum ratios exceeded the mannitol space less than one-fifth as much as did the corresponding equilibrium ratios. In these cases, transport was clearly the major limiting step of PHB clearance. In the remaining groups with lower serum concentrations, the equilibrium values were lower, and the discrepancies flow. A 40-s ratio of 0.3 ml/g corresponds to a blood flow of about 1 ml/ming or a plasma flow of about 0.6 ml/ ming (cf. refs. 6, 15, 16). As seen in Fig. 7 , blood flow increased about four-to fivefold between birth and adulthood; the major increase is between the 10th and 20th days, after which plasma flows were typically in the range of 0.6 ml/ming. This compares to the ZO-dayold L-PHB influx coefficient (k,J of about 0.04 ml/ming and the ZO-day D-PHB influx coefficient (k& of about 0.14 ml/ming.
These are the volumes of serum containing the amounts of 14C fluxing unidirectionally into the parenchyma of a gram of brain each minute. Dividing them by plasma flow gives the fractions of delivered molecules that leave the capillary, 7% and 23%, respectively. The mean capillary concentrations would then be reduced, respectively, about 4% and 12% below arterial concentrations.
These between steady-state brain:serum PHB ratios and equilibrium ratios were not so great. Still, the steady-state ratios exceeded the mannitol space less than half as much as did the equilibrium ratios, showing transport to be an important limiting step in PHB clearance by the brain in these animals as well. Thus cerebral PHB clearance is very sensitive to the permeability modulations of maturation and fat-feeding. These conclusions are essentially the same if one disregards the apparent L-PHB equilibrium ratios and accepts the DMO data (Fig. 8) as representing the equilibrium sought by weak acids.
Temperature dependence. As seen in Fig. 6 , the temperature dependence of cerebral PHB entry was as great as that of glucose entry, which is known to be carrier mediated.
This suggests that PHB entry may be mediated also. With either permeant, the increased entry with higher temperature may involve not only the activation energies, but also increased capillary dimensions incident to increased blood flow. Although the slopes of these dependences were not well defined, it seems likely that increasing temperature contributes significantly to the increasing entries of both permeants with age during suckling. But temperature could play no role in the falling PHB entry after weaning. Fat-feeding did not increase body temperature.
BZood fzow. According to earlier studies (6, 15, 16) the brain:serum 3H,0 ratio 40 s after intraperitoneal injection is approximately proportional to cerebral blood However, passive and adaptive increases in capillary surface might accompany the increase in flow between the 10th and 20th days and contribute to the permeability rise during suckling. The threefold permeability increase during the first 10 days, the sixfold permeability decline after weaning, and the threefold permeability increase with fat-feeding were not accompanied by like changes in blood flow and presumably, were due to factors other than capillary surface changes.
Plasma and brain PH. To examine the possibility that variations in plasma pH might contribute to modulations of PHB permeability, we measured the blood pH of animals between 9 days of age and 400 g, some of which were fat-fed. As seen in Fig. 8 , the blood pH's of sucklings, weanlings, and adults were essentially the same. This argues against the view that a low serum pH contributes to the high PHB permeability of sucklings and weanlings as compared to adults. Fat-feeding usually lowered blood pH, but the fall was always less than 0.1 U, which corresponds to a less than 26% increase in proton concentration.
This could increase the fraction of PHB protonated by less than 26%, which could increase permeability by only less than 26%. Since fat-feeding increased PHB permeability by about ZOO%, most of the increase must have been due to factors other than serum pH.
It is conceivable that the serum pH of the cerebral capillary was lower in sucklings and weanlings than in adults, even though the pH of the general circulation was not. Likewise, fat-feeding may have lowered cerebral capillary pH more than that of the general circulation. To test for these possibilities, we measured DMO entry and equilibrium distribution in the brains of animals under these conditions.
A lower cerebral capillary pH should enhance DMO influx, and, if this is not associated with lower cerebral pH, efflux from brain to capillary will not be enhanced and the equilibrium brain:serum DMO ratio will be increased (22). Of course, these measurements are subject to other influences-capillary surface will affect both fluxes, and brain water content will affect equilibrium space. In  Fig. 8 , the 7-min brain:serum DMO ratios reflect influx, and the 80-min ratios are equilibrium values. It is seen that fat-feeding enhanced neither the influx nor the equilibrium brai n:serum ratio, despite the fact that serum pH was slightly lower in fat-fed animals. The enhancement of PHB entry in fat-fed animals is, therefore, probably not due to cerebral capillary acidosis. The age dependency, on the other hand, suggests that the cerebral-capillary proton concentration of sucklings may be twice that of adults, despite our failure to detect this in the central circulation.
The change seems to occur between weaning and 150 g body wt, the period of rapid decline in PHB permeability.
If we assume that the influences (capillary pH or other) which lower DMO permeability during this period also lower PHB permeability, then a factor of l/2 is accounted for. A considera- ,,,,,,,/,,,,,,,,/,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~~,,,,,,,,,,,,,, 8. Age and diet dependence of serum pH, cerebral DMO influx, and equilibrium brain:serum DMO ratio. Closed symbols are data from fat-fed animals (1 wk for younger groups, 2 wk for older groups; see Table 1 ). Data indicated by closed triangle were obtained in animals receiving only bacon and water for these periods.
ble portion of the decline in PHB permeability (to onesixth its weaning value) must be due to factors not affecting DMO permeability.
After 14C-DMO injection, serum 14C levels are incredibly stable for hours (data not shown), indicating metabolic inertness.
If one doubts the accuracy of L-PHB equilibrium ratios, l then the DMO data provide an alternate estimate of the equilibrium sought by weak acids. The two kinds of data agree very well in control animals between 8 days of age and 100 g body wt (Table  2 vs. Fig. 8) . In newborn and adults, apparent L-PHB equilibria are about 60% of DMO equilibria, which is still rather good agreement.
The major discrepancy was seen in fat-fed animals where DMO equilibrium was unaffected but apparent L-PHB equilibrium increased twofold. We are inclined to believe the discrepancy because L-PHB was very poorly metabolized in fat-fed animals, ' hence the tendency for metabolites to cause overestimation of L-/3HB equilibrium should be less in fat-fed than in control animals.
Moreover, the variations in apparent L-PHB equilibrium correlate very well with the variations in L-PHB influx coefficient. Other permeants.
To test further the specificity of PHB permeability modulations, we have studied the permeabilities of several substances as these depend on age (and in some cases on diet). The permeability of no glucose (Fig. 9.) , which is very temperature dependent; d) leucine and valine (Fig. 9C) , which presumably, also enter by a carrier. The fact that only PHB permeability rose during this period suggests that its rise may be a specific regulation, at least in part, depending on factors other than proton concentration, capillary surface, porosity, and temperature.
Likewise, none of the substances tested (DMO, urea, glucose, valine, leucine) showed a permeability decline after weaning comparable to that of PHB, again suggesting that the latter was due in part to a specific regulation.
Urea permeability like DMO permeability failed to increase with fat-feeding which argues against some kinds of nonspecific mechanisms of increasing PHB permeability.
DISCUSSION
Kinetics of pHB uptake. Daniel et al. (4) found the influx of PHB into the adult rat brain to be proportional to blood PHB concentration throughout the range of concentrations tested (0.5-30 mM). Thus the transport rate coefficient (k,J appeared to be independent of substrate concentration,
i.e., entry was neither saturable nor cooperative.
They calculated an influx coefficient of 0.022 ml/ming (volume of blood containing amount undergoing influx in 1 g of brain per min). On the assumption that blood concentration is about 80% of the serum concentration, this would correspond to k go = 0. ing this clearance estimate to the estimated influx coefficients suggests that the majority of influxing molecules undergo metabolism rather than efflux, hence that transport is a major rate-limiting step in PHB uptake (4).
The measurements of steady-state brain:serum PHB ratios in 15-day sucklings and fat-fed rats ( Entry appears, then, to be the major rate-limiting step even in animals with high permeability (2-5 times that of chow-fed adults, see Table 2 ).
It should be appreciated that the flux from serum MOORE, LIONE, SUGDEN, AND REGEN PHB, to end products is even by transport than indicated more in the limited and controlled above considerations, for there are modest backward fluxes from glycolytically generated acetyl CoA and from serum acetoacetate to PHB. These fluxes increase Gi/[Go] and reduce PHB clearance. They are more important relative to forward flux in the less ketotic animals, where they raise steadystate Gi/[GJ ratios close to the apparent equilibrium ratios (Fig. 5) or higher (2, 8, 23) with a thermistor seemed to depend more on the vicissitudes of nesting than on age during this period. There is no basis for postulating a major increase in capillary surface prior to the increase in blood flow. This seems to be confirmed by the lack of increase in any permeability other than that of PHB for the first 10 days-especially those of DMO and urea which should be sensitive to surface area and porosity. The fact that DMO permeability did not increase with age argues also against a falling plasma pH contributing to the early rise in PHB transport; indeed, the plasma pH of lo-to ZO-day-old rats was not low. It appears that the only nonspecific factor contributing significantly to the increasing PHB permeability prior to weaning is the rising body temperature and that this factor probably does not account entirely for the increased permeability during the first 10 days. There is reason, then, to suspect that a PHB carrier is enhanced in amount or activated during this period. The postweaning decline in PHB permeability presumably has nothing to do with temperature.
Blood flow did not decline during this period, and provides no basis for supposing that capillary surface declined. Urea permeability should be sensitive to capillary surface as well as its porosity, and this declined by a factor of about 0.8 between weaning and 400 g body wt. Glucose permeability remained high for this entire period, while valine and leucine permeabilities showed no significant decline during the period around 100 g body wt, when PHB transport was declining rapidly. Since these carrier-mediated processes are presumably selectively adjustable, they cannot argue strongly for or against a fall in capillary surface. DMO permeability (influx) declined by a factor of 0.47 after weaning, and this corresponded in time to the period of rapid decline in PHB permeability.
Presumably this reflects the combined effects of decreasing capillary surface and decreasing capillary proton concentration, both of which might influence PHB permeability similarly. At the same time the equilibrium brain:serum DMO ratio fell by a factor of 0.63. Since the equilibrium represents the ratio of influx coefficient to fractional efflux coefficient, we can calculate the factor by which the fractional efflux coefficient fell: 0.47/O. 63 = 0.75. This is similar to the fall in urea permeability and may represent a decline in capillary surface, since brain pH (the other factor in DMO efWx) is probably guarded in weanlings as in adults. This argument implies that the capillary proton concentrati .on of adults was less th an 0.63 that of suck1 .ings, or that the pH was 0.2 U higher. Acidosis was not seen in the pH measurements on blood from the central circulation of sucklings.
In any case, the decline in capillary surface and capillary proton concentration might affect PHB permeability as much as they do DMO influx, namely by a factor of 0.47. The overall decline in PHB influx was by a factor of 0.19, which contains a factor of about 0.40 (i.e., 0.47 x 0.40 = 0.19) not accounted for in terms of surface area and proton concentration combined. Lacking any other nonspecific factors to account for this, we suggest that the density or activity of PHB carriers (per unit capillary surface) fell by a factor of about 0.4.
Fat-feeding did not increase urea permeability, DMO permeability or the equilibrium brain:serum DMO ratio as would be expected if capillary surface or capillary proton concentration were increased. Moreover, abolition of ketosis did not reverse the effects of the high-fat diet on PHB permeability.
The tripling of PHB permeability with fat-feeding is, therefore, most readily explained in terms of enhanced density or activity of a PHB carrier.
In summary, then, each of the PHB-permeability modulations is difficult to explain entirely by nonspecific factors, and in view of other evidence of a PHB carrier and the appropriateness of the modulations, we propose specific regulation of such a carrier to account for the otherwise unexplained effects. Aside from this argument, there are two other points which might be made at the risk of over-interpreting the data. First, there was the discrepancy between the pH measurements on blood from the neck stump and the age-dependent pH changes of the cerebral capillary as suggested from DMO permeability and equilibrium brain:serum DMO ratios. If this discrepancy is real, then we must assume that the ratio of cerebral acid output to blood buffering power falls during the postweaning period. Second, the apparent L-PBH equilibrium space' rose during suckling and fat feeding while the DMO equilibrium space did not. Thus far we have assumed that both of these compounds cross membranes (by whatever mechanism) only if protonated, i.e., that anion movements are coupled to proton movements stoichiometrically.
If the discrepancies between PHB and DMO equilibria are real, then we must suspect that PHB movement is coupled through its carrier to an event other than or in addition to proton movement. Moreover, the chemical potential for this event seems highest when it is dissipated fastest by PHB entry. Indeed, it seems that the chemical potential for this hypothetical event may be the factor responsible for those modulations attributed to regulation of the PHB carrier.
Age and cerebral pHB clearance. The present studies demonstrated a sevenfold increase in cerebral PHB permeability during the suckling period followed by a nearly equal decline during the months following weaning. This age dependence parallels closely the brain levels of every enzyme unique to ketone body respiration: P-hydroxybutyrate dehydrogenase (10, 12, 19), 3-oxo-acid CoA transferase (12, 19)) and mitochondrial acetoacetyl-CoA thiolase (14). Each of these increases Since physiological ketotic states are ones of carbohydrate deprivation, the enhanced PHB permeability and clearance would have two benefits. First, the brain will be better nourished in case serum glucose falls to inadequate levels. Second, the need for gluconeogenesis from amino acids will be reduced to the extent that the brain glucose is spared from glycolysis and/or pyruvate spared from oxidation.
This should slow protein depletion significantly, since the brain accounts for a surprisingly
